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1.3.2 LDI	SST	Proxy	The	Long-Chain	Diol	Index	(LDI)	is	the	most	recently	developed	SST	proxy	to	date	(Rampen	et	al.,	2012),	and	has	been	only	scarcely	applied	to	Pliocene	ocean	sediments	(Naafs	et	al.,	2012).	Naafs	et	al.	(2012)	applied	LDI	to	14	samples	spanning	2.41-2.49	Ma	from	the	North	Atlantic,	however	this	research	project	will	be	the	first	to	apply	this	new	proxy	to	sediments	as	old	as	3.5	Ma.	LDI	was	developed	by	Rampen	et	al.	(2012)	to	reconstruct	SSTs	between	-3	and	27°C,	and	measures	the	ratio	of	C301,15	n-alkyl-diol,	C281,13	n-alkyl-diol	and	C301-13	n-alkyl-diol	(Equation	3).				LDI = >?@AB,BDEFGHI>?JKB,B@EFGHIL>?@AB,B@EFGHIL>?@AB,BDEFGHI	 	 	 	 	 	 (3)		 Where	‘F’	indicates	fractional	abundance	of	each	n-alkyl	diol.	These	diols	are	differentiated	by	the	number	of	carbon	atoms	comprising	their	alkyl	chain	(C30	or	C28)	and	by	the	position	of	alcohol	groups	along	their	alkyl	chain,	at	sites	1	and	13	or	
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of	isoprenoid	GDGT	concentrations	from	their	samples	to	produce	the	first	TEX86	calibration	(Equation	5).	Their	calibration	yielded	TEX86	values	with	high	correlations	to	SST	(r2=0.92)	(Equation	6).			TEXST = [UVUWX/]L[UVUWX%]L[UVUWXY	Z[\]][UVUWX^]L[UVUWX/]L[UVUWX%]L[UVUWXY]	 	 	 	 	 (5)	








Jonge	et	al.,	2013;	De	Jonge	et	al.,	2014b),	which	co-eluted	using	older	HPLC	separation	techniques	and	therefore	were	previously	measured	together.	Since	the	development	of	the	MBT	and	MBT’	proxies,	HPLC	chromatography	has	improved	and	newer	techniques	developed	to	better	facilitate	separation	of	structurally	similar	compounds.	Hexamethylated	brGDGT	isomers	IIIa’-IIIc’	(Figure	1.12)	and	pentamethylated	brGDGT	isomers	IIa’-IIc’	differ	from	non-isomers	by	the	position	(6’	rather	than	5’)	of	the	fifth	and	six	methyl	branches	along	the	C28	alkyl	carbon	chain.	The	separation	of	6-methyl	isomers	(Figure	1.12),	which	resulted	from	significant	improvements	in	HPLC	chromatography,	allowed	De	Jonge	et	al.	(2014a)	to	recalibrate	MBT’	to	MBT′mno		(Equations	7	and	8).	In	2016,	Hopmans	et	al.	(2016)	further	improved	the	quantification	of	GDGT	compounds	by	utilizing	double	silica	columns	for	HPLC	chromatography.	The	authors	identified	noticeable	differences	in	resulting	MBT’5ME	values	using	this	new	method,	and	therefore	suggest	that	the	proxy	be	recalibrated	in	the	future	to	best	fit	the	two-column	methodology	(Hopmans	et	al.,	2016).				MBT′mno	 = ipLihLiZipLihLiZLiipLiihLiiZLiiip		 	 	 	 	 	 	 (8)		MAT = −8.57 + 31.45 ∗ MBTumno 	 	 	 	 	 	 	 (9)		
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brGDGT I (m/z 1022)
brGDGT Ib (m/z 1020)
brGDGT Ic (m/z 1018)
brGDGT II (m/z 1036)
brGDGT IIb (m/z 1034)
brGDGT IIc (m/z 1032)
brGDGT III (m/z 1050)
brGDGT IIIb (m/z 1048)





















































































































































































































































































































































5.1	Summary	of	Interpretations			 This	project	has	applied	three	organic	biomarker	proxies	(TEX86,	LDI,	and	MBT’5ME)	to	sediments	from	Site	U1463	in	order	to	constrain	shifts	in	ITF	variability	across	the	Plio-Pleistocene	from	3.5-1.5	Ma.	The	Uk’37	index	could	not	be	applied	to	sediments	in	this	study	due	to	the	presence	of	interfering	coastal	alkenone	producing	species.	TEX86,	LDI,	and	MBT’5ME	records	all	show	increased	cooling	at	approximately	1.7	Ma,	coincident	with	the	onset	of	arid	conditions	in	continental	NW	Australia	identified	by	Christensen	et	al.	(2017).			 The	onset	of	cooling	observed	at	Site	U1463	occurs	later	in	the	geologic	record	than	previous	studies	have	detected	in	the	Indian	Ocean.		At	Site	214,	Karas	et	al.	(2009)	identify	subsurface	cooling	from	3.5-2.95	Ma	by	4°C,	and	at	Site	763A,	Karas	et	al.	(2011a)	identify	surface	cooling	from	~4-3.3	Ma	by	2-3°C.		Both	studies	attribute	these	cooling	events	to	a	constriction	of	the	ITF	and	a	switch	from	South	Pacific	to	North	Pacific	source	waters.	I	offer	two	new	hypotheses	to	explain	the	later	cooling	signal	observed	at	Site	U1463	at	1.7	Ma.				 One	possible	explanation	is	that	constriction	of	the	ITF	and	emergence	of	the	Maritime	Continent	did	not	finalize	until	after	2	Ma,	at	which	point	the	final	transition	in	source	waters	from	the	South	Pacific	to	the	North	Pacific	occurred.	The	cooling	at	1.7	Ma	would	therefore	reflect	that	final	signal	of	uplift	and	ITF	constriction.	Cooling	detected	earlier	in	the	geologic	record	at	Sites	763A	and	214	may	in	this	case	reflect	a	step-wise	cooling	associated	with	ITF	constriction,	rather	
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than	a	final	switch	in	ITF	source	waters.	SSTs	from	Site	806	show	warming	at	1.7	Ma,	coincident	with	a	final	deflection	of	warm	South	Pacific	warm	waters	towards	Site	806	via	the	island	of	Halmahera	(Figure	2A).			 Another	possible	explanation	for	later	cooling	at	Site	U1463	is	that	the	primary	switch	in	source	waters	entering	the	ITF	occurred	between	4-3	Ma	(Karas	et	al.	2009;	Karas	et	al.,	2011a),	and	that	the	cooling	signal	observed	at	Site	U1463	instead	reflects	the	constriction	of	the	WPWP	at	2	Ma	(Brierley	et	al.	2006;	Brierley	et	al.,	2010)	and	a	subsequent	cooling	of	North	Pacific	ITF	source	waters.	This	explanation	interprets	the	1.7	Ma	cooling	event	as	a	global	climate	signal,	however	the	TEX86	record	does	not	seem	to	capture	the	magnitude	of	MIS	M2	observed	in	other	studies,	which	in	turn	suggests	that	Site	U1463	may	be	capturing	a	more	local	climate	signal.	A	more	extensive	record	from	5.5-1	Ma	at	Site	U1463	may	help	to	constrain	changes	in	SST	before,	during	and	after	ITF	constriction,	as	well	as	elucidate	the	local	vs.	global	climate	signals	at	Site	U1463.		
5.2	Extending	the	SST	Record		 During	my	PhD	at	UMass	Amherst,	I	will	analyze	the	remaining	sediments	from	Site	U1463	that	span	the	intervals	from	1.5-1.0	Ma,	and	from	3.5-5.5	Ma.	In	order	to	maintain	the	sample	resolution	of	~5	kyr	applied	in	this	study,	I	will	need	to	analyze	440	samples	from	5.5-3.5	Ma,	and	100	samples	from	1.5-1.0	Ma.	Analyzing	this	number	of	analyses	will	require	extensive	funding;	therefore,	I	will	initially	only	analyze	250	samples	in	order	to	produce	a	lower	resolution	reconstruction	of	10ka	across	the	entire	core.	Ideally,	a	full	SST	record	spanning	5.5-1	Ma	from	Site	U1463	will	provide	more	information	on	the	ITF	before,	during	and	
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after	constriction	and	Maritime	Continent	uplift.	All	future	samples	will	be	measured	for	TEX86,	LDI	and	MBT’5Me.	Future	studies	will	also	aim	to	improve	the	accuracy	of	TEX86-based	SST	reconstructions	at	Site	U1463	by	producing	a	NW	Australian	core-top	TEX86	record.			
5.3	Core-Top	TEX86	Calibration		 Currently	no	NW	Australian	surface	sediments	have	been	analyzed	as	part	of	the	spatially-varying	BAYSPAR	TEX86	calibration	(Tierney	and	Tingley,	2014).	Core-top	samples	from	Sites	U1459-U1464	(Figure	1)	were	shipped	to	the	UMass	Amherst	Biogeochemistry	Laboratory	earlier	this	year,	and	are	currently	being	analyzed	by	Kathryn	Turner	as	part	of	her	Honors	Undergraduate	Thesis	aiming	to	fill	this	gap	in	data	and	improve	the	BAYSPAR	calibration	to	include	NW	Australia	TEX86	measurements.		Results	from	her	project	will	be	used	to	improve	the	accuracy	of	TEX86	SST	measurements	from	Site	U1463.			
5.4	Leaf	Wax	Isotope	and	Time	Series	Analysis		 Finally,	I	plan	to	conduct	time	series	analysis	on	the	records	produced	in	this	study	and	on	future	records	produced	as	part	of	my	PhD.	Furthermore,	in	order	to	better	constrain	shifts	in	continental	hydrology	and	the	timing	of	the	humid,	transition	and	arid	intervals,	I	will	measure	dD	of	leaf	waxes	preserved	in	sediments	from	Site	U1463.							
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